Information on human time-activity patterns is often required to interpret environmental exposure data fully and to implement exposure assessment models. Data on short-term time-activity patterns for individuals, such as 1-day measurements, are relatively abundant. The reliability of such data for use in chronic exposure (e.g., 1 or more years) assessments performed for evaluation of health risks is not well understood. As part of the NHEXAS-Maryland investigation, daily time budget data for seven microenvironments were collected from 80 people during as many as six 1-week Cycles over a 12-month period. The data were summarized and analyzed statistically by sampling Cycle, day of week, and individual to characterize long-term average microenvironmental time budgets and to identify their determinants. Median times spent in transit, indoors at home, outside at home, indoors at work or school, outdoors at work or school, indoors at other locations, and outdoors at other locations were found to vary significantly, although not substantively in many cases, by time of year (i.e., Cycle), by day of week, and by individuals. Time budgets for most of the microenvironments also exhibited significant variability by gender, age group, education level, annual household income, and work status. The results indicate that short-term (e.g., 1-day) measures of microenvironmental time budgets for individuals are unlikely to be representative of their long-term patterns. Thus, health risk or epidemiological assessments performed for a population mean or specific quantile may be relatively insensitive to when time budget data were collected. However, the accuracy of such assessments performed for individuals is likely to be greatly improved by collection of time budget data from numerous points in time.
Introduction
Fundamental methods for assessing human exposure to chemical contaminants include personal monitoring, environmental measurements, biomarkers, models, and questionnaires (NRC, 1991) . Information on human timeactivity patterns is often required to interpret fully or implement each of these assessment methods. For example, time-activity data may be collected with personal monitoring or biological monitoring data and used to identify important locations or behaviors associated with exposure (Sexton et al., 1995) . In air pollutant exposure models, timeactivity data are often combined with microenvironmental concentrations to derive time-averaged exposure levels. Numerous studies of human time-activity patterns have been conducted for use in exposure and risk assessment (e.g., Johnson, 1984; Akland et al., 1985; Spengler et al., 1994) . Most of these studies rely upon 24-h recall or diary methods to collect behavior data for a single day from each respondent (Wallace et al., 1985; Robinson, 1988; Wiley et al., 1991) .
Estimates of long-term or chronic exposure are often used in risk assessments, epidemiology, and standard setting. The reliability of short-term time-activity data (e.g., 1-day) for use in long-term exposure assessments (e.g., 1-year) is not well understood. To provide data on long-term average human time-activity patterns and their relationships to short-term activity patterns, we summarize and discuss the microenvironmental time budget results from a longitudinal study of human exposure to environmental contaminants (Ryan et al., 1999) . Results of statistical analyses designed to test whether 1-day measures of time budgets are equivalent to long-term average patterns are presented. Demographic covariates of longitudinal time budgets are also investigated.
Methodology
A probability sample of 80 individuals above the age of 6 years was selected from five counties in Maryland (Ryan et al., 1998) . A time-activity questionnaire was administered to participants in each of six sampling periods (i.e., Cycles) approximately equally spaced between October 1995 and September 1996. Samples from selected environmental and biological media were collected at the same time, the results of which will be reported elsewhere. Cycles 1 ±6 correspond to September±December 1995 , January±March 1996 , February±April 1996 , April±June 1996 , June ±July 1996 , and July±September 1996 . Study participants self-reported periods of time spent in seven microenvironments on each of seven consecutive days in each Cycle (Table 1) by indicating which microenvironment(s) they were in for each hour of the day. Participants were instructed to complete the questionnaire daily over the week-long sampling Cycle.
Completed questionnaires were entered in to an electronic database by a double-keypunch procedure to identify and correct data entry errors. For quality assurance purposes, self-reported daily time budgets that accounted for less than 23 h or greater than 25 h were treated as missing. When coding the responses, we assumed that time was equally split among the microenvironments visited (e.g., 15 min per microenvironment when four were visited during the same hour).
Univariate analyses of temporal and population variability of microenvironmental time budgets were performed by nonparametric methods (i.e., Kruskal±Wallis procedure) to account for the non-normality of the data (e.g., asymmetry). For each microenvironment, temporal variability was modeled using time spent in the microenvironment as the dependent variable and either Cycle or day of week as the independent variable. Population variability was evaluated in a similar manner, substituting respondent identification number (HIN) as the independent variable. For comparison purposes, the univariate analyses were also run on the ranks of the data using general linear models (GLMs). Multivariate GLMs were then run on the ranks of the microenvironmental time budget data to evaluate the joint effects of Cycle, day of week, and individual. An example of the multivariate model for time spent in transit is shown in Equation 1.
TRANSIT hrs 1 CYCLE 2 DAY 3 HIN 1
Additional multivariate analyses were conducted to evaluate associations between microenvironmental time budgets and selected demographic factors; gender, age, race, education, household income, and work status, adjusting for sampling Cycle and day of week. Four levels of age were used in the analyses: less than 25, 25± 44, 45± 64, and greater than 64 years. Level of education was divided into three categories: some high school and below, high school graduate, and college graduate. Four levels of annual household income were used: less than US$20,000; US$20,000 ±US$49,999; US$50,000 ± US$74,999; and greater than US$74,999. Finally, work status was classified as either employed or not employed. An example of the multivariate model used to evaluate time spent in transit by gender is shown in Equation 2.
TRANSIT hrs 1 CYCLE 2 DAY 3 GENDER 2
Work status may be indicative of the degree of structure or consistency of microenvironmental time budgets, e.g., persons with regular jobs may have similar work times and transit times from 1 day to the next. To explore this possibility, we examined between-day differences of microenvironmental time budgets separately for weekdays (Monday±Friday) and weekend days (Saturday and Sunday) while controlling for sampling Cycle and work status. In these models, the demographic term in Equation 2 was replaced with the variable WORK that took two levels (employed and not employed). The number of participants that provided valid data from Cycles 1, 2, 3, 4, 5, and 6 was 75, 71, 68, 69, 54, and 60, respectively. Descriptive statistics of microenvironmental time budgets for each Cycle and all observations combined are shown in Table 3 . The asymmetric distribution of the data for most of the microenvironments is evident from the difference between the median and the mean. Annually, participants spent 15.5 h (65%) per day in their homes (INHOME); mean time spent in the home ranged from 15.1 h (62.9%) during Cycle 4 to 16.1 h (67.1%) during Cycle 2. The annual average amount of time spent in work or school (INWKSC) was 3.3 h (13.8%) with a Cycle-specific average low of 2.7 h (11.3%) during Cycle 5 and a high of 3.9 h (16.3%) during Cycle 1. The amount of time during the day that individuals spent in transit (TRANSIT) varied little during the year, averaging 1.8 h (7.5%) on an annual basis. The percentage of time spent outdoors at home (OUT- , and outdoors at other places (OUTOTHER) was greatest during Cycles 4, 5, and 6 (April±September), while the opposite was true for time spent INWKSC and INHOME. The results of the Kruskal±Wallis test presented in Table 3 indicate that median time spent OUTHOME, INWKSC, and OUT-OTHER varied significantly among Cycles, while TRAN-SIT, INOTHER, and OUTWKSC exhibited little or no variability from Cycle to Cycle. Descriptive statistics of microenvironmental times for each day are presented in Table 4 . The Kruskal±Wallis test indicated that time spent in all seven microenvironments per day varied significantly from day to day. Mean time spent in transit was lowest on Sunday, while time spent indoors at home was greatest during the same day. Significantly less time was spent in work or school on Saturday and Sunday, while time spent outside at home was higher during the weekend. Time spent both inside and outside at places other than home and work or school was also greatest on Saturday and Sunday.
Distributions of annual average time spent among individuals in each microenvironment are summarized in Figure 1 . On an annual average basis, individuals at the 90th percentile of the sample population distribution spent at least 100% ±200% more time in some microenvironments than the population sample median (e.g., outdoors at home). Univariate analyses results indicate that annual average daily times spent in all seven microenvironments varied significantly among individuals ( p<0.0001).
Results of the multivariate procedure indicate that time spent in TRANSIT ( p=0.0094), INHOME ( p=0.0015), OUTHOME ( p=0.0001), INWKSC ( p=0.0027), and OUT-OTHER ( p=0.0001) varied significantly among sampling Cycles, independent of day of week and HIN (Table 5 ). The significance of each factor is determined (see Equation 2) by holding the other two factors constant and evaluating the Table 4 . Descriptive statistics for microenvironmental time budgets in hours per day by day of week. The p-value for Kruskal±Wallis test of variability among days of the week is shown below each microenvironmental heading (N=number of person± days).
Microenvironment
Day of week variability of the dependent variable as a function of the third factor. For the case of INOTHER, the p-value for Cycle was found to be 0.5018, suggestng that, for this population, median time indoors at other places did not vary significantly among Cycles after controlling for individual and day of week effects. Similar to the univariate analysis, time budgets were found to vary significantly ( p<0.0001) by day of week and individual in the multivariate models. Separate analyses were performed of differences between types of days, that is, weekdays versus weekend days. In these models, type of day was significant ( p<0.0001) for each microenvironment and the levels of significance for Cycle and HIN remained essentially unchanged from the values shown in Table 5 .
Demographic Covariates
Gender Males in this population spent approximately 50% more time per day on average in each outdoor microenvironment (OUTHOME, OUTWKSC, and OUTOTHER) than females ( p0.0002), whereas the females spent 50% more time indoors at other places ( p0.0001) ( Table 6 ). Little difference between genders was found for TRANSIT and INHOME.
Age Group Median time spent in each microenvironment was found to vary significantly ( p<0.0001) by age group (Table 7) . The oldest participants (>64 years) spent approximately 30% more time indoors at home than participants in the other age brackets. The 25± 44 age group spent the most time indoors at work or school on average (4.5 h per day), which is 25% more than the 25 and under age group and 64% greater than the 45± 64 age group. This age group also spent the most time in transit on average.
Race Except for time spent in transit and indoors at other locations, there were no substantial differences in median microenvironmental time budgets between African-American and Caucasian participants (Table 8) . Nevertheless, statistically significant differences were found for OUTHOME and OUTWKSC. For instance, there is evidence that OUTHOME varies significantly by Education Level Microenvironmental time budgets by level of education are shown in Table 9 . On average, college graduates spent at least 17% more time per day in transit than either of the other two education groups and 33% more time indoors at work or school than the lowest education group. The 2.2 h per day that college graduates spent INOTHER on average was 70% greater than the time spent by the group with the least education ( p0.0001). Individuals without high school degrees spent three times more time on average OUTWKSC than those in the group with the most education, although the difference was not statistically significant.
Annual Household Income Respondents in the highest income category spent, on average, spent 75% more time in transit per day than the lowest income category, but only 17% more time than the middle two income brackets (Table 10) . Those respondents that earned between US$50,000 and US$75,000 per year spent an average of 4.5 h per day in work or school, which was between 36% and 165% greater than the respondents in the other income brackets.
Work Status Employment was significantly ( p<0.0039) associated with time spent in each microenvironment when controlling for sampling Cycle and day of week. In analyses restricted to weekdays, work status was significantly associated with time spent in each microenvironment except OUTHOME. In these same models, time spent in all microenvironments except INOTHER did not vary significantly among weekdays (i.e., Monday±Friday). In contrast, differences in microenvironmental time budgets between Saturday and Sunday for TRANSIT, INHOME, OUTHOME, INWKSC, and OUTWKSC.
Discussion
This study was designed to characterize variability of time spent in seven different microenvironments over the course of a year, by day of week, and among people, including individuals and selected demographic groups. The principal strength of this study is that data on both short-term and long-term average time-activity patterns were collected.
Respondents were followed over a 1-year period and exposure data including time budgets, activity questionnaires, and environmental and biological samples in various media were collected at six different intervals. The results can be used to determine if exposure data, e.g., microenvironmental time budgets, collected from individuals over a short period of time, such as a few days, are representative of long-term average exposure. Analyses revealed that the median time in all microenvironments, except for outdoors at work or school and indoors at other locations, varied significantly among Cycles. Therefore, seasonal differences in time spent in selected microenvironments, e.g., outdoors at home or in other locations, should be considered when assessing exposure to pollutants whose concentrations vary over the course of a year (e.g., tropospheric ozone). The analyses also showed, perhaps not surprisingly, that microenvironmental time budgets vary significantly among days of the week. Thus, our results indicate that exposure assessments that utilize daily time-activity patterns should consider differences in where people spend time as a function of day of week. Lastly, analysis of the data indicates that short-term and long-term average microenvironmental time budgets vary significantly among individuals. This inter-individual variability is possibly a result of the respondents' employ- activity patterns. As older studies have shown, people's activity patterns tend to change over time, and the data from these studies may not reflect the current trends of the general population (Robinson, 1977; Tarshis, 1981; Hill, 1985) . Finally, these data will be available for analysis in conjunction with environmental data for selected heavy metals, pesticides, and polynuclear aromatic hydrocarbons collected contemporaneously (Ryan et al., 1999) . The principal limitations of these time budget data are related to the difficulty and cost of conducting populationbased exposure assessments. For example, time budget data were self-reported rather than collected by an independent observer. Although the latter method is possible, the benefits were not considered to be worth the additional expense and inherent shortcomings (e.g., observer-induced bias). Many studies collect data on more than seven microenvironments and thus may be useful for a wider range of exposure assessments. Nevertheless, the seven considered here are sufficient for providing preliminary information on longitudinal time/activity patterns.
The precision of the data collected in this study is another limitation. For each hour of the day, respondents recorded only the number of microenvironments visited, not the amount of time spent in each. The imprecision associated with this error is likely to be small compared to other sources of measurement error commonly present in environmental assessments, e.g., contaminant concentration measures.
The time of day during which an individual spends time in specific microenvironments is important for characterizing exposure to some pollutants. In this paper, we chose to report and analyze time budgets without consideration to time of day. Time of day information is available for this data set and we anticipate reporting the results in this context at a later date. Such analyses could assist researchers in more accurately assessing chronic exposure to pollutants that exhibit diurnal and/or seasonal variability (e.g., tropospheric ozone).
Other time-activity investigations have used thousands of participants, while the NHEXAS-Maryland study had a sample population of 80 individuals. However, the longitudinal design allowed up to 42 days of data from each person resulting in a total of approximately 2500 person± days of observations. This large sample size afforded a high degree of statistical power that in some cases identified small differences as statistically significant. For example, time in transit varied significantly among days of the week ( p<0.0001), but the difference between the days with the highest daily mean and the lowest daily mean was only 0.4 h, or 24 min.
In this study, multiple observations of time budgets were obtained from each participant, a design feature often termed repeated measures (Littel et al., 1996) . As part of the analysis, we applied different statistical methods to assess the variations of time budgets both temporally and across the sample population. Due to the asymmetry of the distributions of many of the microenvironments, univariate analyses were performed using the nonparametric Kruskal± Wallis procedure and GLMs run on the ranks of the data. In order to evaluate the reliability of using the ranked data in multivariate GLMs, we compared results from the Kruskal± Wallis tests with results from the univariate GLMs. The comparison of these two procedures yielded similar results for all microenvironments, indicating that use of a particular statistical model did not substantially impact the findings.
In describing the distribution of daily time budgets, it is useful to present data for individuals that actually reported spending time in a microenvironment. This is especially informative if only a small percentage of the population reported spending time in a given microenvironment. For instance, time spent outside at home was reported by only 26% of the respondents. The average and standard deviations of time spent in this microenvironment by those reporting any time there were 2.1 and 2.2 h, respectively. The average and standard deviations of the 44% of people that reported spending time at work or school were 7.6 and 3.1 h, respectively. OUTOTHER was reported by 24% of the respondents and averaged 2.6 h with a standard deviation of 2.6 h. These averages are comparable with expected times, especially the average time in work or school.
The U.S. Environmental Protection Agency recently concluded the largest 24-h recall study ever performed (Tsang and Klepeis, 1996) . The National Human Activity Pattern Survey (NHAPS) is a compilation of data on human activity patterns for 9386 respondents over a 2-year period from October 1992 to September 1994. Although it is a 24-h recall study comprising 1 day per person, its design allows for evaluation of microenvironmental times by day of week and time of year. Tsang and Klepeis (1996) determined that the largest percentage of time was spent indoors in the home (67% on average), comparable to the average of 65% reported by the Maryland population. Other investigators have reported that time indoors at home encompassed between 62% and 69% of an average individual's day (Akland et al., 1985; Quackenboss et al., 1986; Schwab et al., 1990; Jenkins et al., 1992; Liu et al., 1997) .
The NHAPS population reported spending an average of 8% of the day outdoors (Tsang and Klepeis, 1996) , while in Maryland, the average amount of time spent outdoors accounted for 6.3% of a day. Quackenboss et al. (1986) reported total time spent outdoors (home, work or school, and other places) in Portage, Wisconsin to be 3.3 h and 0.8 h for summer and winter, respectively. In the Maryland population, 2.2 h per day was spent outdoors in the summer (average of Cycles 5 and 6), and 1 h was spent outdoors in winter (Cycle 2). The difference in the summer results could be due to weather patterns during the respective study periods, geographic location or the demographic makeup of the study groups. Our results for the spring and fall are consistent with the trend in percentages reported by Liu et al. (1997) . Percentages of OUTOTHER times in spring and fall in Southern California were 5% and 3% (Liu et al., 1997) , respectively, compared to 2.5% and 1.7% for the same periods by the Maryland population. INOTHER percentages reported by Liu et al. (1997) were 6% and 4%, while ours were 8.3% and 7.5%. These differences may be attributed to the geographic location of the two study groups.
Longitudinal microenvironmental time budget data were obtained from a study of children's exposure to air pollutants in the Kanawha Valley, West Virginia (Schwab et al., 1992) . This study was conducted over a 4-week period in 1989 (2 weeks during the summer and 2 weeks in the fall) during which 90 school age children reported daily time spent in various indoor and outdoor activities at home and school. Boys were found to spend significantly more time outdoors than girls. The study also concluded that among days of the week, children exhibit significant variability of time spent in transit and outdoors (Schwab et al., 1992) . For example, 10% of the population reported an average of 0.7 h per day outdoors on weekdays, while 10% reported an average of greater than 4.0 h during the same time span. Although our population consisted of adults from a different time period and location, similar results were obtained (Tables 4 and 6) . Robinson (1977) concluded that on average, people spend from 1.3 to 1.6 h travelling per weekday and between 1.4 and 1.8 h on the weekend. The weekend figures from that work are approximately equal to those presented here, whereas the weekday averages are about 20% lower than those observed in the Maryland population. This difference may be explained by the observation that people today tend to live farther from their jobs and from places of shopping and recreation (Federal Highway Administration, 1992) .
Demographic factors are potential determinants of microenvironmental time budgets. Females have been found to spend more time than males indoors at other places, possibly due to the fact that females traditionally do most of the shopping for their families (Hanson and Hanson, 1981) . In the NHEXAS-Maryland population, females spent approximately 50% more time than men indoors at locations other than home, work or school (2.2 compared to 1.4 h per day). Elderly people (>64 years) are generally out of the workforce, so they may spend less time in transit, in work or school, and outdoors, but more time indoors at home than the rest of the population. Hackney et al. (1992) reported that the 47-to 69-year-old age group in their study spent 85% of the day indoors, 7% ±9% outdoors, and 6% ± 7% in transit. Similar behavior patterns were reported by the 45-to 64-year-old age group in our study.
Work status has also been found to be an important factor in time-activity patterns (Hill, 1985) . Interestingly, in the Maryland population, controlling for work status and Cycle almost completely eliminated differences in microenvironmental time budgets among weekdays. This result suggests that some daily time budgets are closely related to work status. However, it is interesting to note that variability in time spent by an individual in specific microenvironments among weekdays and between weekend days is often at least as great as the population average amount of time spent in each respective microenvironment. Thus, the time budget component of assessments of population mean exposure may not be sensitive to day of week effects when controlling for work status, while that for assessments of exposure for individuals in the population is likely to be influenced by this effect.
Statistically significant variability of microenvironmental time budgets with respect to Cycle, day of week or individual does not imply importance of a microenvironment with respect to potential exposures. Such importance depends on the amount of time spent in each microenvironment and the concentration of and contact rate with the contaminant of interest. Thus, the implications of the results presented here will be related to the occurrence and chemical/physical properties of the pollutant for which the exposure, risk, or epidemiological assessment is conducted.
The R 2 values for the multivariate model in Table 5 indicate that other factors may be important determinants of microenvironmental time budgets. For instance, the combined effects of Cycle, day of week, and individual explain only 21% of the variance in OUTOTHER, while they explain 53% of the variance in INWKSC. Although Cycle, day of week, and individual are significant predictors of OUTOTHER, 79% of its variability is not explained by these factors. Thus, additional research is required to identify fully key factors that contribute to the variability of microenvironmental time budgets over time and among people.
In designing exposure assessment studies, researchers often attempt to stratify their respondent base by various demographic variables. One shortcoming to incorporating numerous factors into a study design is the inherent cost of collecting a sufficient amount of data within each stratum. Limiting the number of variables can be cost effective and can eliminate unnecessary data analysis, depending upon the importance of the factor. In this study, we found that gender, age, race, education, and income education, income, age, and work status are all significant determinants of microenvironmental time budgets. Thus, these demographic factors should be considered in the design of future community-based exposure studies.
In summary, median time spent in each microenvironment was found to vary significantly, although not substantively in most cases, by time of year (i.e., Cycle), day of week, and individuals. Thus, health risk or epidemiological assessments performed for a population mean or specific quantile may be relatively insensitive to uncertainty associated with when time budget data were collected. The results of this investigation also indicate that short-term (e.g., 1-day) measures of microenvironmental time budgets for individuals are unlikely to be representative of their long-term patterns. Therefore, the accuracy of exposure and risk assessments performed at the level of individual is likely to be greatly improved by collection of time budget data over time periods longer than 1 day or from numerous points in time.
